
CLAIMS 



1. A method of constructing a variant of i parent Termamyl-like a-amylase, which variant 
has a-amylase activity and at least one altered property as compared to said parent a- 
amylase, which method comprises 

i) analyzing the structure of the parent Termamyl-like a-amylase to identify 
at least one amino acid residue or at least one Structural part of the Termamyl-like a-amylase 
structure, which amino acid residue or structural part is believed to be of relevance for 
altering said property of the parent Termamyl-like a-amylase (as evaluated on the basis of 
structural or functional considerations), 

ii) constructing a Termamyl-likeJ a-amylase variant, which as compared to the 
parent Termamyl-like a-amylase, has been modified in the amino acid residue or structural 
part identified in i) so as to alter said property! and 

iii) testing the resulting Termamtl^ike a-amylase variant for said property. 

2. The method according to claim 1, whereiiyth.jp property to be altered is selected from the 
group consisting of substrate specificity, /ubsjtrate binding, substrate cleavage pattern, 
temperature stability, pH dependent activity-/pH\dependent stability (especially increased 
stability at low (e.g. pH<6) or high (e.g. pHr^VpH values), stability towards oxidation, 
Ca 2+ -dependency and specific activity. 

3. The method according to claim 1, wherein the Woperty to be altered is the calcium ion 
dependency and the structural part to be modified Is selected from the group consisting of 
the-C domain, the interface between the A and B domain, the interface between the A and 
C domain, or the interaction to a_ calcium binding site of the Termamyl-like a-amylase. 

4. The method according to claim 1, wherein the property to be altered is the substrate 
cleavage pattern and the structural part to be modified is\located within 10 A from an amino 
acid residue of the substrate binding site. 
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5. A method of constructing a variant of a parent Termamyl-like a-amylase, which variant 
has a-amylase activity and one or more altered properties as compared to said parent a- 
amylase, which method comprises 

i) comparing the three-dimensional structure of the Termamyl-like a-amylase 
with the structure of a non-Termamvl-like a-amylase, 

ii) identifying a part of the Termamyl-like a-amylase structure which is 
different from the non-Termamyl-1 ke a-amylase structure and which from structural or 
functional considerations is contemplated to be responsible for differences in one or more 
properties of the Termamyl-like anc non-Termamyl-like a-amylase, and 

iii) modifying the part of the Termamyl-like a-amylase identified in ii) 
whereby a Termamyl-like a-amylase variant is obtained, one or more properties of which 
differ from the parent Termamyl-like a-amylase. 

6. The method according to claim 5L wherein, in step iii), the part of the Termamyl-like a- 
amylase is modified so as to resembJ^fK^ corresponding part of the non-Termamyl-like a- 
amylase. 
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7. The method according to cl 
by deleting one or more amino 
be modified; by replacing one 
a-amylase to be modified with the 



'herein, in step iii), the modification is accomplished 
acid residues of the part of the Termamyl-like a-amylase to 
amino acid residues of the part of the Termamyl-like 
lo acid residues occupying corresponding positions 



in the non-Termamyl-like a-amylase; br by insertion of one or more amino acid residues 
present in the non-Termamyl-like a-amVlase into a corresponding position in the Termamyl- 
like a-amylase. 

8. The method according to claim 5, vlherein the non-Termamyl-like a-amylase structure 
is the structure of a fungal a-amylase or la mammalian a-amylase. 



9. The method according to claim 8, ^herein the non-Termamyl-like a-amylase is the 
3 0 Aspergillus oryzae TAKA a-amylase, the^l. niger acid a-amylase, the Bacillus subtilis a- 
amylase or the pig pancreatic a-amylase. 



10. The method according to ckim 1, wherein the parent Termamyl-like a-amylase is 
derived from a strain of Bacillus. \ . . 

11. The method according to clain 10, wherein the parent a-amylase is derived from a 
strain of a B. licheniformis , B. amyloliquefaciens, B. stearothermophilus or a strain from an 
alkalophilic Bacillus sp. such as NCCIB 12289, NCIB 12512 or NCIB 12513. 

12. The method according to claim 1, wherein the parent a-amylase is a hybrid a-amylase 
comprising a combination of partial amino acid sequences derived from at least two 
a-amylases, of which one is a Termamyl-like a-amylase and the other(s) are, e.g., from a 
microbial and/or a mammalian a-aimylase. 

13. The method according to claim 5, wherein the part of the parent Termamyl-like a- 
amylase to be modified and identified in step ii) is loop 1, loop 2, loop 3 and/or loop 8 of 
the parent a-amylase. 1 

14. A method of constructing a variant of a parent Termamyl-like a-amylase, which has a 
decreased calcium ion dependency a^aompared to said parent, which method comprises: 

i) identifying an anzhno acid residue within 10 A from a Ca 2+ binding site of 
a Termamyl-like a-amylase in a/nodel if the three-dimensional structure of said a-amylase, 
which from structural or functional considerations is believed to be responsible for a non- 
optimal calcium ion interaction, \\ 

ii) constructing a variant Wherein said amino acid residue is replaced with 
another amino acid residue which from structural or functional considerations is believed to 
be important for establishing ajhigher Ca 2 T binding affinity, and 

iii) testing the Ca 2+ dependency of the resulting Termamyl-like a-amylase 
variant. . \ 

15. A method of constructing a variant of a Went Termamyl-like a-amylase which variant 
has a-amylase activity and an altered pH dependent activity, which method comprises 

i) in a three-dimensional structure of the Termamyl-like a-amylase in question, 
identifying an amino acid residue within 15 A\from an active site residue, in particular 10 
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A from an active site residue, whicm amino acid residue is contemplated to be involved in 
electrostatic or hydrophobic interactiDns with an active site residue, 

ii) replacing, in the sxucture, said amino acid residue with an amino acid 
residue which changes the electrostatic and/or hydrophobic surroundings of an active site 
residue and evaluating the accommoc.ation of the amino acid residue in the structure, 



iii) optionally repeating 



been identified which is accommodated into the structure 



iv) constructing a Ter 



step i) and/or ii) until an amino acid replacement has 



lyl-like a-amylase variant resulting from steps i), ii) 
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and optionally iii) and testing the pH dependent activity of said variant. 

16. A method of increasing the thermostability and/or altering the temperature optimum of 
a parent Termamyl-like a-amylase, wllich method comprises 

i) identifying an internal hole or a crevice of the parent Termamyl-like a- 
amylase in the three-dimensional structure of said a-amylase, 

ii) replacing, in the stricture, one or more amino acid residues in the 
neighborhood of the hole or crevice idAtified^ in i) with another amino acid residue which 
from structural or functional consldemtions is believed to increase the hydrophobic 
interaction and to fill out or reducer the size of the hole or crevice, 

iii) constructing a Termamvl-like a-amylase variant resulting from step ii) and 
testing the thermostability and/or l^eippe^^jfure optimum of the variant. 



17. A method of constructing a variant oflaVTermamyl-like a-amylase which has a reduced 
ability to cleave a substrate close to the branching point, which method comprises 

i) identifying the substrate biAding^area of the parent Termamyl-like a-amylase 

2 5 in a model of the three-dimensional structure of said a-amylase, 

ii) replacing, in the model, one or more amino acid residues of the substrate 
binding area of the cleft identified in i), which is/are believed to be responsible for the 
cleavage pattern of the parent a-amylase, with another amino acid residue which from 
structural considerations is believed to result in an altered substrate cleavage pattern, or 

3 0 deleting one or more amino acid residues on the substrate binding area contemplated to 

introduce favorable interactions to the substrate\or adding one or more amino acid residues 
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to the substrate binding area contemplated 
and 

iii) constructing a Termam^l 
testing the substrate cleavage pattern of 



to introduce favorable interactions to the substrate, 



like a-amylase variant resulting from step ii) and 
the variant. 



18. The method according to claim 
cultivating a microorganism comprising 
conditions which are conducive for 
recovering the variant from the resulting 



wherein the a-amylase variant is obtained by 
a DNA sequence encoding the variant under 
producing the variant, and optionally subsequently 
culture broth. 



19. A variant of a parent Termamyl-lik( : a-amylase, in which variant, at least one amino 
acid residue of the parent a- amylase, which is/are present in a fragment corresponding to the 
amino acid fragment 44-57 of the amino Acid sequence of SEQ ID No. 4, has been deleted 
or replaced with one or more amino acjid residues which is/are present in a fragment 
corresponding to the amino acid fragment 66-84 of the amino acid sequence shown in SEQ 
ID No. 10, or in which variant, one or morp additional amino acid residues has been added 
using the relevant part of SEQ ID No/10 of a corresponding part of another Fungamyl-like 
a- amylase as a template. 



2 0 20. A variant of a parent TermamyMik^oP^ylase, which variant has a region which, when 
the amino acid sequence of variant is aligned\nost closely with the amino acid sequence of 
the said parent ce-amylase, occupies the same position as the portion from residue X to 
residue Y of SEQ ID No 4, the said region hakdng at least 80% sequence homology with the 
part of SEQ ID No 10 extending from residub Z to residue V of SEQ ID No 10, wherein 

2 5 X is the amino acid residue occupying position 44, 45, 46, 47 or 48 of SEQ 

ID No. 4, 

Y "is. the amino acid residue occupying position 51, 52, 53, 54, 55, 56 or 57 
of SEQ ID No. 4, 

Z is the amino acid residue occupying position 66, 67, 68, 69 or 70 of SEQ 

3 0 ID No. 10, and 

• V is the amino acid residue occuj\ying position 78, 79, 80, 81, 82, 83 or 84 
of SEQ ID No. 10. 
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A 19, 



21. The variant according to claiiA 19, wherein X is the amino acid residue occupying 
position 48 and Y the amino acid res idue occupying position '51 of SEQ ID NO 4 and Z is 
the amino acid residue occupying position 70 and V the amino acid residue occupying 
position 78 in SEQ ID No 10. 

22. A variant of a parent Termamyl-like a-amylase, in which variant, at least one of the 
amino acid residues of the parent a-amylase, which is/are present in an amino acid fragment 
corresponding to the amino acid fragment 195-202 of the amino acid sequence of SEQ ID 
No. 4, has been deleted or replaced with one or more of the amino acid residues which is/ are 
present in an amino acid fragment corresponding to the amino acid fragment 165-177 of the 
amino acid sequence shown in SEC) ID No. 10, or in which one or more additional amino 
acid residues has been added using the relevant part of SEQ ID No. 10 or a corresponding 
part of another Fungamyl-like a-amylase as a template. 



23 . A variant of a parent Termamy 
the amino acid sequence of variant 
the said parent a-amylase, oc£upie 



like a-amylase, which variant has a region which, when 
s aligned most closely with the amino acid sequence of 
^3 the same position as the portion from residue X to 
residue Y of SEQ ID No the said region having at least 80%, such as 90% sequence 
homology with the part of SEQ ID Jfo 10 extending from residue Z to residue V of SEQ ID 
No 10, wherein 

X is the amino acid 

Y is the amino acid\re|s 
SEQ ID No. 4, 

Z is the amino acid re^ 

and 

V is the amino acid residue occupying position 173, 174, 175, 176 or 177 of 
SEQ ID No. 10. ^ 

24. The variant according to claim 22, wherein the amino acid fragment of the parent ot- 
amylase, which corresponds to amino kid residues 196-198 of SEQ ID No. 4, has been 
replaced with the amino acid fragment corresponding to amino acid residues 166-173 of the 
amino acid sequence shown in SEQ ID No. 10. 



:cupying position 195 or 196 of SEQ ID No. 4, 
sidue occupying position 198, 199, 200, 201, or 202 of 

idue occupying position 165 or 166 of SEQ ID No. 10, 
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25. A variant of a parent Termamyl-Iikl or-amylase, in which variant, at least one of the 
amino acid residues of the parent a-lamylase, which is/are present in a fragment 
corresponding to the amino acid fragment 117-185 of the amino acid sequence of SEQ ID 
No. 4, has/have been deleted or replaced with one or more of the amino acid residues, which 
is/ are present in an amino acid fragment corresponding to the amino acid fragment 98-210 
of the amino acid sequence shown in SEQ ID No. 10, or in which one or more additional 
amino acid residues has been added using the relevant part of SEQ ID No. 10 or a 
corresponding part of another Fungamyl-like a-amylase as a template. 

26. A variant of a parent Termamyl-likel a- amylase, which variant has a region which, 
when the amino acid sequence of variant! is aligned most closely with the amino acid 
sequence of the said parent a- amylase, occupies the same position as the portion from residue 
X to residue Y of SEQ ID No 4, the said region having at least 80%, such as at least 90% 
sequence homology with the part of SEQ ID\No 10 extending from residue Z to residue V 
of SEQ ID No 10, wherein 

X is the amino acid occupying position 117, 118, 119, 120 or 121 of SEQ ID 



No. 4, 
No. 4, 
10, and 
No. 10. 



Y is the amino acid occupying pbsition 181, 182, 183, 184 or 185 of SEQ ID 
Z is the amino acid occupying bdsition 98, 99, 100, 101, 102 of SEQ ID No. 

V is the amino acid occupying position 206, 207, 208, 209 or 210 of SEQ ID 



2 5 27. The variant according to claim 25, where im an amino acid fragment of the parent a- 

amylase, which corresponds to amino acid residues 121-181 of SEQ ID No. 4, has been 
replaced with the amino acid fragment corresponding to amino acid residues 102-206 of the 
amino acid sequence shown in SEQ ID No. 10. 

3 0 28. A variant of a parent Termamyl-like a-amylase, in which variant, at least one of the 

amino acid residues of the parent a-amylase,l which is/are present in a fragment 
corresponding to the amino acid fragment 117-1811 of the amino acid sequence of SEQ ID 



-x- 
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No. 4, has/have been deleted or replaced 
is/are present in an amino acid fragment 
of the amino acid sequence shown in 
amino acid residues has been added 
corresponding part of another Fungairiyl 



with one or more of the amino acid residues, which 
corresponding to the amino acid fragment to 98-206 
3EQ ID No. 10, or in which one or more additional 
using the relevant part of SEQ ID No. 10 or a 
-like a-amylase as a template. 



29. A variant of a parent Termamyl-lil 
the amino acid sequence of variant is k 



*P 2 0 



No. 4, 
4, 

10, and 
10. 



e a-amylase, which variant has a region which, when 
igned most closely with the amino acid sequence of 
the said parent a-amylase, occupies tjhe same position as the portion from residue X to 
residue Y of SEQ ID No 4, the said region having at least 80%, such as at least 90% 
sequence homology with the part of SIfQ ID No 10 extending from residue Z to residue V 
of SEQ ID No 10, wherein 

X is the amino acid occupying position 117, 118, 119, 120 or 121 of SEQ ID 



Y is the amino acid occupying position 174, 175, 176 or 177 of SEQ ID No. 
Z is the amino acid occupying position 98, 99, 100, 101, 102 of SEQ ID No. 

V is the amino acid occupying position 199, 200, 201 or 202 of SEQ ID No. 
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30. The variant according to claim 28 A wherein the amino acid fragment of the parent a- 
amylase, which corresponds to amino acid residues 121-174 of SEQ ID No. 4, has been 
replaced with the amino acid fragment corresponding to amino acid residues 102-199 of the 
amino acid sequence shown in SEQ ID No.l 10. 
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31. A variant of a parent Termamyl-like a+amylase, in which variant, at least one of the 
amino acid residues of the parent a-amylase, which is/are present in an amino acid fragment 
corresponding to the amino acid fragment 12-19 of the amino acid sequence of SEQ ID No. 
4, has/have been deleted or replaced with one or more of the amino acid residues, which 
is/are present in an amino acid fragment which corresponds to the amino acid fragment 28-42 
of SEQ ID No. 10, or in which one or more additional amino acid residues has/have been 



10 



inserted using the relevant part of 
Fungamyl-like a-amylase as a tempjate 



^SEQ ID No. 10 or a corresponding part of another 



32. A variant of a parent Termamyl-1 
the amino acid sequence of variant is 
the said parent a-amylase, occupies 



like a-amylase, which variant has a region which, when 
aligned most closely with the amino acid sequence of 
the same position as the portion from residue X to 
residue Y of SEQ ID No 4, the sail region having at least 80%, such as at least 90% 
sequence homology with the part of SEQ ID No 10 extending from residue Z to residue V 
of SEQ ID No 10, wherein 

X is the amino acid occupying position 12, 13 or 14 of SEQ ID No. 4, 
Y is the amino acid occupying position 15, 16, 17, 18 or 19 of SEQ ID No. 



10, and 



Z is the amino acid occupying position 28, 29, 30, 31 or 32 of SEQ ID No. 



q 15 V is an amino acid/residuq corresponding to the amino acid occupying position 

W 38, 39, 40, 41 or 42 of SEQ JD No. lOl 
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33. The variant according to claim 31, Wherein the amino acid fragment of the parent a- 
amylase, which corresponosto akrino aiid residues 14-15 of SEQ ID No. 4, has been 
replaced with the amino acid fragme^copesponding to amino acid residues 32-38 of the 
amino acid sequence shown in SEQ ID No. 10. 



34. A variant of a parent Termamyl-like b-amylase, in which variant, at least one of the 
amino acid residues of the parent a-amylase, which is present in a fragment corresponding 

2 5 to amino acid residues 7-23 of the amino atid sequence of SEQ ID No. 4, has/have been 

deleted or replaced with one or more amino acid residues, which is/ are present in an amino 
acid fragment corresponding to amino acid residues 13-45 of the amino acid sequence shown 
in SEQ ID No. 10, or in which one or more ^additional amino acid residues has/have been 
inserted using the relevant part of SEQ ID \io. 10 or a corresponding part of another 

3 0 Fungamyl-like a- amylase as a template. 



35. A variant of a parent Termamyl-like a-amylase, which variant has a region which, when 

^ aligned most closely with the amino acid sequence of 



the amino acid sequence of variant is 

the said parent a-amylase, occupies 

residue Y of SEQ ID No 4, the sa 

sequence homology with the part of 

of SEQ ID No 10, wherein 

X is the amino acid occupying position 7 or 8 of SEQ ID No. 4, 
Y is the amino acid occupying position 18, 19, 20, 21, 22 or 23 of SEQ ID 



the same position as the portion from residue X to 
d region having at least 80%, such as at least 90% 
EQ ID No 10 extending from residue Z to residue V 



No. 4, 



No. 10. 



Z is the amino acid occupying position 13 or 14 of SEQ ID No. 10, and 
V is the amino acid occupying position 40, 41, 42, 43, 44 or 45 of SEQ ID 



36. The variant according to claim 34! wherein the amino acid fragment of the parent a- 
amylase, which corresponds to amin£_gdd residues 8-18 of SEQ ID No. 4, has been replaced 
with the amino acid fragment catfesponqing to amino acid residues 14-40 of the amino acid 
sequence shown in SEQ ID No. 10. 

37. A variant of a paren/ Termaifiylvlikel a-amylase, in which variant, at least one of the 
amino acid residues of thte paj^nt a-amylake, which is present in a fragment corresponding 
to amino acid residues 322^346 of the akinii acid sequence of SEQ ID No. 2, has/have been 
deleted or replaced with one or more amino! acid residues, which is/are present in an amino 
acid fragment corresponding to amino acid! residues 291-313 of the amino acid sequence 
shown in SEQ ID No. 10, or in which one or more additional amino acid residues has/have 
been inserted using the relevant part of SEQuD No. 10 or a corresponding part of another 
Fungamyl-like a-amylase as a template. 

38. A variant of a parent Termamyl-like a-amylase, which variant has a region which, when 
the amino acid sequence of variant is aligned most closely with the amino acid sequence of 
the said parent a-amylase, occupies the same Vposition as the portion from residue X to 
residue Y of SEQ ID No 2, the said region having at least 80% sequence homology with the 
part of SEQ ID No 10 extending from residue Z\to residue V of SEQ ID No 10, wherein 





10, and 



V is the amino acid occupying position 310, 311, 312 or 313 of SEQ ID No. 



39. The variant according to claim 37, Iwherein the amino acid fragment of the parent a- 
amylase, which corresponds to amino acid residues 325-345 of SEQ D No. 2, has been 
replaced with the amino acid fragment corresponding to amino acid residues 294-313 of the 
amino acid sequence shown in SEQ ID Np. 10. 

40. A variant of a parent Fungamyl-like h^antylase, in which variant, at least one of the 
amino acid residues of the parent o;-amyl^sa, which is/are present in an amino acid fragment 
corresponding to amino acid residues ^91-313 of the amino acid sequence of SEQ ID No. 
10, has/have been deleted or replaced with pne or more of the amino acid residues, which 
is/are present in an amino acid fragment corresponding to amino acid residues 98-210 of the 
amino acid sequence shown in SEQ ID No. 4,1 or in which one or more additional amino acid 
residues has/have been inserted using the relevant part of SEQ ID No. 4 or a corresponding 
part of another Termamyl-like a-amylase as si template. 

41. A variant of a parent Fungamyl-like a-amwase, which variant has a region which, when 
the amino acid sequence of variant is aligned most closely with the amino acid sequence of 
the said parent or-amylase, occupies the same Vposition as the portion from residue X to 
residue Y of SEQ ID No 10, the said region laving at least 80%, such as at least 90% 
sequence homology with the part of SEQ ID NollO extending from residue Z to residue V 
of SEQ ID No 4, wherein \ 



X is the amino acid occupying position 117, 118, 119, 120 or 121 of SEQ ID 
No. 10, \ 




No. 4. 



No. 4, and 



No. 10, 



Y is the amino acid occupy in^ position 181, 182, 183, 184 or 185 of SEQ ID 
Z is the amino acid occupying position 98, 99, 100, 101 or 102 of SEQ ID 

V is the amino acid occupying position 206, 207, 208, 209 or 210 of SEQ ID 




42. The variant according to claim 40 wherein the amino acid fragment of the parent a- 
amylase, which corresponds to amino s.cid residues 121-181 of SEQ ID No. 10, has been 
replaced with the amino acid fragment c orresponding to amino acid residues 102-206 of the 
amino acid sequence shown in SEQ ID No. 4. 

43. A variant according to claim 40, kvherein the amino acid fragment of the parent a- 
amylase, which corresponds to amino acid residues 121-174 of SEQ ID No. 10, has been 
replaced with the amino acid fragment corresponding to amino acid residues 102-199 of the 
amino acid sequence shown in SEQ ID^Mo. 4. 

44. A variant of a parent Fungaunyl-like a-amylase, wherein an amino acid fragment 
corresponding to amino acid residues 1814184 of the amino acid sequence shown in SEQ ID 
No. 10 has been deleted. | 1 

45. A variant of a parent Tennamyl-like\d-amylase, which exhibits a-amylase activity and 
which has a decreased Ca 2+ dependency aalcompared to the parent or-amylase. 

46. A variant according to claim 45, which comprises a mutation in a position corresponding 
to at least one of the following positions in SEQ ID NO 2: 

N104, A349, 1479, L346, 1430, N457, K38l F350, 1411, H408 or G303, in particular a 

mutation corrsponding to \ 

N104D; \ 

A349C + I479C; \ 

L346C+I430C; \ 

N457D,E; \ 




* 

N457D.E+K385R; \ 
F350D,E+I430R,K; 
F350D,E+I411R,K; 
H408Q,E,N,D; and/or 
G303N,D,Q,E. 

47. A variant of a parent Termamyl like a-amylase which exhibits a higher activity below 
the pH optimum than the parent a-amylase, which variant comprises a mutation of an amino 
acid residue corresponding to at least one of the following positions of the B. licheniformis 
a-amylase (SEQ ID NO 2): E336, Q3:S3, P331, 1236, V102, A232, 1103, LI 96, in particular 
at least one of the following mutation;: 

E336R.K; , 
Q333R.K; P331R.K; \ 
V102R,K,A,T,S,G; \ 
I236K,R,N; \ 
I103K.R; X~\ 
L196K.R; and/or /\ 
A232T,S,G. / \ 

48. A variant of a parent Termamyl-like a-amylase which exhibits a higher activity above 
the pH optimum than the parent a[- amylase, which variant comprises a mutation of an amino 
acid residue corresponding to at least one oi the following positions of the B. licheniformis 
a-amylase (SEQ ID NO 2): N236, H281 aid/or Y273, in particular one of the following 
mutations: \ 

N326I,Y,F,L,V; ■ 1 
H281F.I.L; and/or 1 
Y273F.W. - I 

49. A variant of a parent Termamyl-like a-arnylase which exhibits a-amylase activity and 
which has an increased thermostability and/or altered temperature optimum as compared to 
the parent a-amylase, which variant comprises a mutation of an amino acid residue 



ioy 



* 



o acid residue and in particular with F,W,I or L; 



corresponding to at least one of the following positions of the B. licheniformis a-amylase 
(SEQ ID NO 2): 

L61, Y62, F67, K106, G145, \2\2, S151, R214, Y150, F143, R146, L241, 1236, L7, V259, 
F284, F350, F343, L427 and/or V481, in particular at least one of the following mutations: 
5 L61W.V.F; 
Y62W; 
F67W; 
K106R.F.W; 
G145F.W 
10 I212F,L,W,Y,R,K; 

S151 replaced with any other am: 
J R214W; 
]| Y150R.K; 
in F143W; 
Q 15 R146W; 

L241I,F,Y,W; 
2 I236L,F,W,Y; 
5 L7F.I.W; 

S V259F.I.L; 
^ 20 F284W 
F350W 
F343W 

L427F.L.W; and/or 
V481,F,I;L,W. 
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50. A variant of a parent Termamyl-lLce a-amylase, which exhibits a-amylase activity and 
which has a reduced capability of c eaving an oligo-saccharide substrate close to the 
branching point as compared to the parent a-amylase, which variant comprises a mutation 
of an amino acid residue corresponding! to at least one of . the following positions of the B. 
3 0 licheniformis a-amylase (SEQ ID NO 2): 

V54, D53, Y56, Q333 and/or G57, in particular at least one of the following mutations: 
V54L,I,F,Y,W,R,K,H,E,Q; 




/ 





Y56W; 



D53L,I,F,Y,W; 




Q333W; and/or 

G57 to all possible amino acid residues. 



51. The variant according to claim 17, wherein one or more proline residues present in the 
amino acid residues with which the parent a-amylase is modified are replaced with a non- 
proline residue such as alanine. 1 

52. The variant according to claim! 17, wherein one or more cysteine residues present in the 
amino acid residues with which tha parent a-amylase is modified are replaced with a non- 
cysteine residue such as alanine. 1 

53. A DNA construct comprising a DNA sequence encoding an a-amylase variant according 
to claim 17. \ 

54. A recombinant expression vector which carries a DNA construct according to claim 53. 

55. A cell which is transformed with a pNA construct according to claim 53. 

56. A cell according to claim 55, wWch is a microorganism. 

57. A cell according to claim do, which ia a bacterium or a fungus. 

58. The cell according to claim 57, which lis a gram positive bacterium such as Bacillus 
subtilis, Bacillus licheniformis, Bacillus lentuL Bacillus brevis, Bacillus stearothermophilus, 
Bacillus alkalophUus, Bacillus amyloliquefaaens, Bacillus coagulans, Bacillus circulans, 
Bacillus lautus or Bacillus thuringiensis. \ 

59. Use of an a-amylase variant according to ilaim 17 for washing and/or dishwashing. 

60. Use of an a-amylase variant according to claim 17 for desizing. 




# 



!c\ordi 



61. Use of an a-amylase variant according to claim 17 for starch liquefaction. 



in 



a-amylase variant according to claim 17, optionally 
, stabilized liquid or protected enzyme. 



to claim 62 which contains 0.02-200 mg of enzyme 



62. A detergent additive comprising 
in the form of a non-dusting granulat 

63. A detergent additive according 
protein/g of the additive. 

64. A detergent additive according to claim 62, which additionally comprises another 
enzyme such as a protease, a lipase, \ a peroxidase, another amylolytic enzyme and/or a 
cellulase. 



65. A detergent composition comprising an a-amylase variant according to claim 17. 

66. A detergent composition according! to claim 65 which additionally comprises another 
enzyme such as a protease, a lipase, ajperoxidase, another amylolytic enzyme and/or a 
cellulase. 

67. A manual or automatic dishwashing jdetergent composition comprising^aiTa-amylase 
variant according to claim 17. 

68. A dishwashing detergent composition^ according to claim 67 which additionally 
comprises another enzyme such as a proteose ,\ a lipase, a peroxidase, another amylolytic 
enzyme and/or a cellulase. 

69. A manual or automatic laundry washing ^composition comprising an c*-amylase variant 
according to claim 17. 



70. A laundry washing composition according to claim 69, which additionally comprises 
another enzyme such as a protease, a lipase, a\peroxidase, an amylolytic enzyme and/or a 



cellulase. 





